Querns for grinding cereals were essential in the everyday life of the Pre-European population of the Island of Gran Canaria as their agriculture was based mainly on barley and wheat, cereals processed for the most part in the form of roasted flour. Rotary querns and other grinding stones, nonetheless, have rarely been the object of research in the Canary Islands and the study of their operational sequence of production has only recently been initiated. Volcanic tuff (compact lapilli) was the most commonly quarried rock. Other raw materials such as basalt, and to a lesser extension tephrite, were also worked. Since metal tools were not known in the Canary Islands in Pre-European contexts, all of the stages of extraction and fashioning had to be carried out with stone tools. This paper analyses the operational sequence, that is, the different phases of the extraction and fashioning techniques of basalt rotary querns based on the recent finds of two quarries located near the coast (Cardones and Cebolla) and a quern manufacturing workshop (Cave 36, Arucas Municipality) in a ravine about 600 m inland. Traditionally it was thought that the Pre-European population of Gran Canaria fashioned their querns from naturally detached volcanic surface blocks collected in ravines or along the coast. This supposition was based on the idea that the early Canarians were not capable of extracting blocks from bedrock with stone tools. This notion, however, has been proven wrong by the circular extraction negatives on the quarry faces and by finds of stone fashioning tools in the workshop.
Introduction and objectives
The Pre-European period in the Canary Islands began sometime in the first millennium BCE. According to archaeological and genetic data, the archipelago was first populated by Berbers from north-western Africa. Yet there is still very little data regarding the geographical origin and the timeframe of the first waves of humans attaining the different islands of the archipelago. The most recent research suggests dates ranging from the 9th century BCE for the Island of Lanzarote (Atoche 2013 ) and up to the 3rd-4th centuries CE for the other islands (Maca-Meyer et al. 2004; .
Since the Pre-European population did not possess the resources to produce metal tools, most querns were fashioned with stone tools. The volcanic origin of the archipelago resulted in the availability of different types of eruptive rocks. Grinding stones of different type were hewn from massive grainy rocks such as basalt, vesicular basalt, tephryte and volcanic tuff (compact volcanic ashes). The knapping tools, in turn, were made from hard, coarse rocks such as basalts, trachytes and phonolites. An important local raw material was obsidian, a sort of volcanic glass similar in texture to flint. Although it served for a variety of tools, it did not take part in the quern making process.
Cereals were the staple of Gran Canaria's Pre-European population (Morales 2010; Morales et al. 2014) . The island's archaeological record reveals that virtually every settlement or granary possessed their own grinding stones. The granaries in fact were often beyond the settlements in the form of remote caves dug into cliff sides. Our team carried out a research project with the goal of understanding the socio-economic role of grinding stones in Canarian society preceding the Spanish conquest.
Previous research has identified and analysed volcanic tuff quarries producing rotary querns (Rodríguez-Rodríguez et al. 2006a: 115-141; ). Yet the extraction of basalt for rotary querns, a rock that is harder and more demanding to work, has only recently been identified. Contrary to the tuff quarries, basalt quern extraction sites show no evidence of working debris. This may be due to their location along the bed of the ravines where the debitage and discarded tools may have been removed during flash flooding. Despite this absence, we are able to interpret the extraction marks on the quarry faces of the basalt outcrops as they are identical to those of volcanic tuff quarries studied elsewhere.
Furthermore, a recent archaeological rescue operation along the edge of the Barranco Cardones, a ravine in the Municipality of Arucas, has identified a workshop specialised in the fashioning of vesicular basalt rotary querns and other grinding implements (Figure 1 ). The site, in a cave near one of the basalt quarries, is an exceptional find as it is the first case in Gran Canaria that proves that cylindrical roughouts were first extracted in quarries and then could be transported to a workshop elsewhere to be shaped and finished. This paper therefore presents the results of the analysis of the lithic artefacts associated with the extraction and fashioning of rotary querns. This work is one of two PhD studies focusing on grinding stones (Naranjo-Mayor, ongoing) and other types of knapped stone tools (Francisco-Ortega 2016: 166-167) on the Island of Gran Canaria. The objectives of the current research are as follows:
• To compare the extraction techniques of volcanic tuff and vesicular basalt quarries.
• To reconstruct the operational sequence for making vesicular basalt querns, from the quarry to the fashioning workshop.
• To identify the quern extraction and fashioning tools and their characteristic forms when they are resharpened or broken.
• To identify the tool marks on the roughout surfaces and to link the marks with the different phases of the operational sequence of quern production.
Method and materials
The preliminary findings of our research have identified three main types of grinding stones that can be classified by their morphology: (1) rotary querns, (2) variations of saddle querns and (3) mortars (Figure 2 ). In addition to these implements, there is a wide range of uncharacteristic, irregular shaped, and less well-made stones that could have also served as grinders. Yet the most common product is the hand-driven rotary quern (Naranjo-Mayor & Rodríguez-Rodríguez 2015; . Among the archaeological sites from Gran Canaria studied to date, volcanic tuff is by far the dominant rock exploited for grinding stones and in particular for rotary querns. The only exception is the Cerera Cave (Rodríguez-Rodríguez 2009a), a settlement in the Municipality of Arucas a few kilometres inland from the quarries, where vesicular basalt is the dominant rock type. This difference of raw material suggests a modification of the system of procurement that could be related to the proximity of the extraction sites. However, this notion remains hypothetical pending geochemical analysis of lithic samples from the different sites.
In general, volcanic tuff was the type of rock used almost exclusively to produce rotary querns while other grinding stones including saddle querns and mortars were manufactured mainly with basalt. It is interesting to note that rotary querns continued to be used beyond the Spanish conquest well into the 20th century. Yet these more recent historical mills were hewn from basalt indicating an abandonment of volcanic tuff. It is not until very recently that vesicular basalt rotary quern quarries have been identified on Gran Canaria (see above). This rarity was thought to be rooted in the fact that basalt is harder than tuff rendering it very difficult for the Pre-European Canarians to work with stone tools. Moreover, interviews with the last rotary quern makers and the lack of archaeological evidence contributed to the notion that the basalt querns were fashioned from surface blocks collected in the beds of ravines (Rodríguez-Rodríguez 2010) . Current findings, however, point to a different origin.
The three archaeological sites presented in this paper belong to the Cardones geological formation, a pyroclastic volcanic cone rising to a height of 108 m consisting of a highly vesicular slag with lapilli inclusion ranging between 2 and 6 cm. The semicircular crater opens to the north and, although somewhat altered by anthropic features, is fairly wellpreserved. The dome is inserted in tephritic-phonolitic castings, petrographic features with a glass porphyritic and at times cryptocrystalline matrix (Pérez-Torrado 2000) .
The first two sites are basalt quarries located in the Cardones and Cebolla Ravines along the coastline about 700 m from each other. Circular negatives cut directly into the lava flow reveal the extraction of rotary querns following vertical planes. The position of the quarry faces along the edge of the ravine places the two workings in the "edge quarry" category (Anderson 2014; 2016: 112) . The Cardones quarry, a site that is ravaged by a torrent in the rainy season (Figure 3 ), has a vertical face covering a surface of about 108 m 2 . The Cebolla quarry face, in turn, covers a slightly larger surface of about 120 m 2 . The third site is a quern fashioning workshop (Cave 36) on the left bank of the Cardones Ravine (Figure 4 ), 600 m away from the Cardones quarry and 940 m from the Cebolla quarry. The site presents a series of different layers of occupation. In historical times it served as a stable for livestock. In Pre-European times the stratigraphic sequence shows layers associated with domestic activities, human burials, and a workshop manufacturing rotary querns and other types of grinding implements. The archaeological evidence indicative of a quern workshop consists of abandoned and broken rotary querns and mortars, fashioning debitage and fragments of the stone tools (hammers, malls and picks). The vesicular basalt lithic waste associated with the production totalled more than 14,000 artefacts corresponding to a total weight of 300 kg. Although units 28 and 29 of the quern workshop did not provide organic samples for radiocarbon dating, analyses of two bones found in a stratigraphic unit (SU 32) below the workshop, yielded dates that place the outset of units 28 and 29 between the end of 7th and the end 9th centuries CE (Table 1) . So, the estimated life of the workshop spans the 10th to 15th centuries CE with its end coinciding with the Spanish conquest. (2016) Mangas et al. 2006; Rodríguez-Rodríguez et al. 2006a; 2006b; Rodríguez-Rodríguez 2010) . The technological analysis of the grinding stones was carried out following the methodological procedures established by Alonso (1999: 233-236; 2015) , Dubreuil (2004) , Adams et al. (2009) and Bofill (2014: 447) . The analysis of the extraction and fashioning techniques in quarries also implied undertaking morpho-technical analyses of the tools, notably the stone picks, specifically adapted to work coarse and hard volcanic rock (Galván et al. 1987; Galván & Hernández 1996; Rodríguez-Rodríguez 1993a; 1993b; 1998; 2009a; 2009b; Rodríguez-Rodríguez & Francisco Ortega 2012; Naranjo 2013: 54; Naranjo Mayor & Rodríguez-Rodríguez 2015) . The stone picks take on the form of isosceles triangles with two active points that could be either beveled or trihedral ( Figure 5 ). Since the tips were constantly suffered breaks, the tool was designed from the start in a manner to facilitate its maintenance and repair. The extraction marks on the quarry face suggest that these picks served equally to detach the roughouts from the bedrock using the long edge between the two points as a sort of wedge. The multi-functionality of these picks is also seen as they also served as abraders to regularise the surface of the quarry face between extractions and in the subsequent phase of fashioning served to give shape to the querns. The study of the workshop finds also consisted of recording the types of marks corresponding to the different production stages of the rotary querns themselves as well as the marks on the quern fashioning tools. In addition, a recent experimental program has led to contrasting the new and old tool marks on both the quarry faces and on the querns. The results obtained in the experimental work, including unintentional accidents among the cylindrical roughouts and picks, were similar to those observed in volcanic tuff quarries.
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The quarry face was worked by both direct and indirect percussion with dihedral-beveled tools. Continuous groups of pecking marks are observed on some roughouts indicating that the lapilli roughout was reduced or knapped by the removal of flakes and chips. This was followed by the smoothing of the quern's surface with abrasive, irregular stones or small blocks. Another critical task in the final stage of quern making was cutting the eye, a step that could result in an accident. Some broken roughouts reveal that the eye was cut before concluding the shaping of the quern so as to avoid working in vain in the case of an accident. Recent experimentation with volcanic tuff (lapilli) obtained positive results for cutting the eye by combining pecking (direct percussion) and, rubbing (friction) with the same pick.
Units 20, 28 and 29 of the workshop in Cave 36 brought to light 3,734 knapped objects. Morpho-technical analyses were carried out on 1136 artefacts measuring more than 2 cm. The others, smaller than 2 cm, were considered debris and only counted and weighed. Among the artefacts were 14 broken querns and 14,020 flakes and fragments of vesicular basalt measuring more than 1.5 cm. Vesicular basalt debris inferior to 1.5 cm was only weighed (110 kg). A series of artefacts associated with different steps of the operational sequence were identified from the lot of larger flakes. Refitting (i.e. mounting like a puzzle) of certain fragments was essential to understanding the process of making and repairing rotary querns, picks and hammers (Cuartero 2014: 88) (Table 2 ). 
Quarries
The archaeological surveys of these newly discovered basalt quarries reveal that the extraction procedures were very similar to those observed in the volcanic tuff workings (Rodríguez-Rodríguez et al. 2006a) . The process began with the regularisation of the outcrop's face by pecking it with a stone pick. This was followed by outlining and carving the trench around the roughout (average diameter: 39.1 cm) with the same type of pick. The step of carving the circular trench is carried by both direct and indirect percussion. Splitting the cylinder from the quarry face was also carried out with the same picks serving as wedges. Broken roughouts are common finds in volcanic tuff quarries. They are, by contrast, absent in basalt workings in spite of the fact that basalt is a harder rock. This absence could be explained by the basalt's mechanical property that permits splitting along better defined planes contrary to that of the less homogenous and compact tuff (Figure 6 ).
Workshop: The Cardones workshop

Quern fashioning tools
A wide variety of stone flakes were found in the Cardones workshop that can be classified (Table 3) according to the results of the study of the debitage of the tuff quern quarries (Rodríguez-Rodríguez & Francisco Ortega 2012). Although no pick was among the debris collected in the workshop, the morphology of the tool can be inferred from a series of resharpening flakes and accidents.
The pick's edges were affected both by the impacts of percussion and the abrasiveness of the rock it worked. These tools therefore required frequent maintenance following different strategies. The tips could at times serve as striking platforms for the removal of symmetrical and asymmetrical crested flakes bearing very rounded ridges. At other times the tips were reworked from the pick's flanks adjacent to the active edges resulting in crested and uncrested flakes with highly rounded ridges. Reworking the pick often resulted a considerable change of its original morphology which implies that picks sometimes were partially or totally reconfigured. Figure 6 . Juxtaposition of the extraction marks of the different stages of the operational sequence of basalt and tuff quern quarries. This task is indicated by the presence of backed, unidirectional and, more often, multidirectional flakes with narrow bases. There are also pyramidal shaped fragments resulting from the accidental breakage of the tip. Another indication that picks were only reworked in the workshop is the rarity of cortical flakes. Finally, the majority of the flakes are in fact fragmented and classified as undetermined (Figure 7 ). Unidirectional flakes (33.9 x 29.3 x 7.0 + 16.2 x 12.7 x 4.2 mm) are characterised by flat butts (59.1%) followed by faceted (16.48%) or linear (13.30%) butts. 59.2 % of this category show for the most part butts with rounded arrises. Multidirectional flakes (36.6 x 37.6 x 9.3 + 16.2 x 16.4 x 7.5 mm) also show flat butts (56.7%) followed by faceted (17.5%) and linear (8.2%) butts. Use-wear is visible on 62.0% of the artefacts. Backed flakes (41.6 x 38.9 x 11.3+18.1 x 17.9 x 10.8 mm) are longer and wider than the others. They have flat butts (65.3%) followed, interestingly, by faceted (9.3%) and dihedral (12.0%) butts. They also show a very high rate of use-wear, mainly on the rounded arrises (73.0%). Flakes from resharpening the active tip (31.9 x 27.1 x 9.5 + 11.7 x 15.3 x 3.9 mm) are the most singular from the morphological and technological points of view. It is the only case where the main butts are faceted (41.7%) followed in second place by flat butts (37.5%) and in third place by punctiform butts (20.8%). Every example of this type reveals use-wear. The few characteristic cortical and undetermined flakes are not described since, as noted previously, as they are mainly broken blanks. (2016) 
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Grinding stones
The Cardones workshop is the first site that offers a wide view of a variety of types of querns associated with a broad range of types of working debris. The artefacts, for the most part associated with fashioning and finishing of grinding stones, are classified in different categories: grinding stones, abraders-polishers, upper stones (manos, i.e. upper stones used with a to-and-from movement), hammers and other multifunctional tools (Table 4) . At this stage the artefacts have been quantified according to their length and total weight as specified in Table 5 .
The working debris superior to 5 cm in length (1680 pieces) was retained for the study. Debitage inferior to 5 cm, in turn, was considered uncharacteristic. The technological analysis of the larger pieces was not simple due to the physical properties (granularity, coarseness, size of the vacuoles) of the vesicular basalt. Furthermore, the knapping marks, carving or pecking of quern roughouts were often erased or rubbed out by subsequent abrasive work. However, after long observation of the debitage, we began to identify pieces that could be defined as flakes. A flake is described following the definition advanced by Cotterell Table 5 . Classification by length and total weight of the working debris from the manufacture of grinding stones.
< 1 cm 1-1.5 cm 1. Flakes detached from rotary quern roughouts are therefore characterised by narrow and usually flat or linear butts or by their lower convex face which becomes more regular towards the butt. Their lower surfaces do not exhibit the characteristic bulb, ripples and hackles due to the rock's coarseness (Inizan et al. 1999: 34; González & Ibáñez 1994; Clemente et al. 2015) . The point of impact is characterised by a white abraded surface that contrasts with the darker colour of the rock. The distal areas of the flakes are less regular and often bear fractured, hinged or stepped ends. These features indicate that many of the flakes are broken. Although the dorsal surface is very irregular, arrises and negatives from previous flakings can be observed. Reconstruction of the steps in the shaping of rotary quern preforms is seen by the refitting of the fragments of certain artefacts (Figure 8 ). The manufacture of querns in the workshop can be broken down into four main stages. The quern maker in the first phase reduced the size of the cylindrical preform by direct percussion with massive basalt hammers. The hardness of vesicular basalt and the need to apply sharp strikes resulted in the fracture of some hammers as seen by abandoned examples bearing multiple impacts (Figure 9) . Most of the flakes that we have analysed in this study belong to this initial phase. As seen in the orientation of the refitted flakes, work began on the perimeter of the preform. The second phase consisted of regularising its surface. This was carried out by pecking with hammers (direct or indirect percussion) or with dihedral beveled tipped tools such as picks. The elongated marks on some flakes and quern fragments reveal the shape of the active edges of these tools (Figure 10 ). The first and second phases were carried out alternatively as evidenced by big flakes with dorsal surfaces covered completely with this type of mark. The second phase is characterised by the use of direct percussion resulting in most of the debris inferior to 5 cm. The cutting of the quern's eye was the third phase after the roughout attained its final cylindrical form. As noted previously, this was a critical moment in the sequence as seen by some broken querns found in the workshop. It is not clear if the eye was cut by direct or indirect percussion. We tend to lean towards the second option as the indirect percussion technique allowed the quern maker to maintain a higher measure of control over the amount of force and the accuracy of the impacts. This technique was probably also combined with abrasive actions.
The fourth and final phase involved the smoothing of the rotary quern surfaces, actions that leave microscopic striations that can be analysed by binocular microscope. The abrading tools included irregular fragments of vesicular basalt as well as recycled fragments of broken rotary querns (Figure 11 ). These types of polishers were operated by a reciprocating, to-andfor, motion that produced characteristic centimetric "channels" on their surfaces. The larger channels on certain pieces (Figure 11 ) appear to have served to work the edges of the rotary querns as they are very often equivalent in form to that part of the quern. 
Discussion and conclusions
The study of the Barranco Cardones and Barranco Cebolla quarries and the quern workshop (Cave 36) has led to the reconstruction of the operational sequence of vesicular basalt rotary quern production. It has also resulted in a general improvement of the knowledge of grinding stone assemblages in settlements and linked previous tuff quarry research (Rodríguez -Rodríguez & Barroso 2001; Mangas et al. 2006; 2008; Rodríguez-Rodríguez et al. 2006a; 2006b; Rodríguez -Rodríguez 2010: 28) with an experimental program conducted in 2014. The testing of hypotheses has helped clarify questions regarding extraction techniques and the process of manufacture of tuff querns. The study of the Barranco Cardones sites has also shown that the production process of vesicular basalt querns was very similar to that of lapilli models, in spite of the great difference of fracture mechanisms between the two types of rocks.
The research has also identified the different procedures carried out in the quarries. This part of the analysis focused on "reading" the tool marks on both the basalt and tuff quarry faces. Although the production centres shared a similar operational sequence, the lack of abandoned roughouts at the basalt workings suggests that this rock was better suited to be detached or split from bedrock. Yet, the greater number of tuff quarries compared to basalt quarries, combined with the greater proportion of tuff rotary querns in settlements, suggests that vesicular basalt extraction was more arduous and time consuming and hence less frequent. Moreover, the atypical high proportion of basalt rotary querns at the settlement of Cerera can be explained by its proximity to the two basalt quarries and workshop.
The absence of picks or broken querns at the foot of the basalt quarries can be explained in part by the occasional torrent and in part by the presence of a nearby rotary quern workshop serving to fashion the rough cylinders. The study of the workshop is, in fact, the highlight of the current research. Among the workshop artefacts are percussion tools for flaking, hammers for pecking and abraders for polishing. The debitage shows the same type of waste as that observed at the volcanic tuff quarries. Despite the absence of picks, certain types of debitage points to the reworking and rejuvenation of the active edges of the picks of the type that are characteristic of quarry contexts (Rodríguez-Rodríguez & Francisco Ortega 2012) . These features therefore confirm the standardisation of basalt picks for quern fashioning. Furthermore, this type of use is observed by their presence in grinding stone production contexts as well as in other settings such as carving tuff for architectural features.
The analysis of the stone working debitage and the abandoned tool fragments offer new data suggesting recurrent production strategies and standardisation of the different tools in different production contexts, elements that reflect the skill of the quern makers. The new data also corroborates that a hard raw material such as vesicular basalt can be worked without iron tools. It is particularly interesting that fragments of broken rotary querns served as abraders to polish and regularise the surface of other querns.
The evidence collected in this research suggests the presence of skilled and experienced specialists. Although it is difficult to gauge the access of the rest of the population to production centres, and how the centres regulated their products, provenance studies currently in process should be able to specify the distribution patterns of querns and compare them with the spread of other abiotic artefacts such as obsidian. In any case, the data obtained in the two new quern quarries and in the workshop provides further evidence of the complexity of the social relations of production on the Island of Gran Canaria in Pre-Hispanic times.
